ABSTRACT To study the relationship between the results of bronchoalveolar lavage and pulmonary function tests during induction and progression of asbestosis, three groups of six sheep were exposed repeatedly by intratracheal injection to either saline (controls), low doses of Canadian chrysotile UICC asbestos (cumulative exposure 328 mg) (low-dose group), or high doses of the same fibres (cumulative dose 2282 mg) (high-dose group) until there was clear evidence of alveolitis from the lung biopsy specimens of all sheep of the high-dose group. During the course of this induction and for the following eight months lung biopsies, bronchoalveolar lavage and pulmonary function tests were performed at two-month intervals. At the time of initial alveolitis in the high-dose group there was no significant change in the cellularity of the bronchoalveolar lavage fluid, but static lung compliance (C5t), vital capacity (VC), arterial oxygen tension (Pao2), and diffusion capacity (DL/VA) were significantly lower than in the other groups. In the following months, as the alveolitis evolved into a fibrosing process, macrophages and neutrophils from the bronchoalveolar lavage fluid increased significantly and pulmonary function deteriorated. Proteins and enzymes in the bronchoalveolar lavage fluid also increased significantly in the high-dose group. These data show that in the sheep model of asbestosis simple tests of pulmonary function correlate well with histological changes and changes in the bronchoalveolar lavage fluid in the course of the disease and can be used to assess progression of asbestosis.
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Current theories of the pathogenesis of interstitial pulmonary fibrosis suggest that fibrosis of the lung is the end-stage result of a chronic inflammatory process of the alveoli and interstitium, which can be evaluated and staged either by histopathological criteria on the basis of lung biopsy material or by analysis of bronchoalveolar lavage fluid.' 2 Because it is a safe and easily repeatable procedure the latter has already been used extensively to follow the progress of the alveolitis and its response to treatment in many treatable interstitial pulmonary diseases. 1-6
Because asbestosis is at present a non-treatable disease, the clinician has little justification for repeating lung biopsy or bronchoalveolar lavage. He must rely on pulmonary function tests and chest radiography to assess the progress of asbestosis even though the value of these tests in the monitoring of the activity of other interstitial pulmonary diseases has been questioned.7"
The aim of the present study was to evaluate the intensity of the alveolitis of asbestosis in the course of induction and progression of the disease in the sheep model and to relate the stage of the alveolitis as assessed by bronchoalveolar lavage to pulmonary function as assessed by the tests commonly used for the follow-up of patients with the disease. It was hoped that the study would identify pulmonary function test correlates of the activity of alveolitis in asbestosis which would be of practical value in assessing the progress and prognosis of the disease.
Begin, Rola-Pleszczynski, Masse, Nadeau, Drapeau 39-5, SD + 10 kg) at the beginning of the study were selected for this investigation. They were prepared and accustomed to the pulmonary techniques as previously reported.'2 13 The flock was divided into three groups of six sheep, which were subjected to monthly exposures during the first six months and to weekly exposures during the next six months. Each time the control sheep were given a 50-ml intratracheal injection of saline. The low-exposure group received a cumulative dose of 328 mg of UICC Canadian chrysotile fibres in saline and the highexposure group a cumulative dose of 2282 mg of the fibres in saline. UICC Canadian chrysotile B asbestos fibres were kindly provided by Dr were measured by feeding the output of the transpulmonary pressure transducer, flowmeter, and integrator to a recorder and oscilloscope system.'2 Checked for accuracy under static and dynamic conditions, the system was found to be linear up to 4 Hz. The static expiratory lung compliance (Cst) was determined by multiple-step syringe deflation between TLC and FRC. The lung resistance (R,) was measured during tidal volume by the electrical subtraction technique. Diffusion capacity (transfer factor-DLCO) was obtained by a passive rebreathing method using a gas mixture of 10% helium, 0-30% carbon monoxide, and 21% oxygen in nitrogen; a Collins catherometer; and a Beckman infrared carbon monoxide analyser, which necessitated the use of three 500-ml gas samples as,suggested by Marshall.'6 For this test the intubated conscious sheep was passively ventilated with a 2-5-litre syringe at a rate of 30 breaths a minute and with a 1-litre tidal volume. Pulmonary gas exchange data were obtained by standard techniques while the animal was breathing room air and resting quietly. These tests were done while the animals were awake. The intra-individual variability of the measurements has been reported and is similar to that found in man.'2 BRONCHOALVEOLAR LAVAGE FLUID ANALYSIS Most of the techniques used-in bronchoalveolar lavage procedures and analyses have been previously described.'2 17 Briefly, lung lavage was performed by slow infusion of three 50-ml 39°C aliquots of phosphate-buffered saline through a 50-ml Luerlock syringe attached to the work channel of the bronchoscope and by gentle syringe aspiration of the effluent. The effluent was passed through four layers of cheesecloth to remove mucus and the cells were The yield of lung biopsy specimens was similar to that of our previous study and the histopathological features of the control material remained normal (fig 1, panel a) . In the sheep exposed to low-dose asbestos an occasional mild increase in cellularity was noted in a few biopsy samples at different months, but in neither transbronchial nor necropsy lung biopsy specimens could we see definite changes in the microscopic appearances of the low-exposure group (fig 1, panel b) . In the high-exposure sheep from month six to month 12 a macrophagic peribronchiolar alveolitis was seen with increasing frequency (fig 1, panel c) , and at month 12 all sheep of the high-exposure group had definite lesions (fig 1,  panel d ). In the following months increased cellularity was noted in the biopsy specimens and interstitial fibrosis was also observed (fig 1, panels The results of the cellular analysis of the bronchoalveolar lavage fluid are presented in figure 2 . From these data it is clear that control and low-exposure groups could not be differentiated. The highexposure sheep, however, started to differ from the other groups at month eight with a significant increase in lactate dehydrogenase activity and at month 10 with increases in total proteins, albumin, and gammaglobulins in the bronchoalveolar lavage fluid. These changes in the high-exposure group persisted beyond month 12 without significant changes in the cellularity of the fluid. In the following months, however, with increasing differences between high-exposure sheep and the other sheep in the results of analysis of the bronchoalveolar lavage fluid supernatant, significant increases in the total cells, macrophages, and neutrophils in the fluid were observed. These changes in the high-exposure group persisted throughout the study.
PULMONARY FUNCTION TESTS
The static properties of the lung are presented in figure 3 . In controls the lung volumes, minute ventilation, tidal volume, and DLCO increased significantly with time and these increases paralleled the gain in body weight from an average of 39*5 kg at month 0 to 58 kg at month 20. During the entire study FRC and RV did not differ between groups. Ct, however, was significantly lower in the high-exposure group at month 6 and this difference persisted. Significant changes in VC appeared at month 12 and in TLC at month 16 in the high-exposure group and these changes persisted. Furthermore, the low-exposure group started to differ from controls at month 16 in terms of Cst, TLC, and VC. In figure 3 we also present the time course of gas exchange parameters. Here control and low-exposure groups did not differ. From month 8 these parameters were significantly different in the high-exposure group. As the disease progressed histologically they showed gradual deterioration. The hypoxia, tachypnoea, and diffusion impairment of the high-exposure group significantly worsened from month s * i ; @ . i t 5 * * y X : ' f . . . . v * . i . . w S r ' 5 i [ t P f F e { < < 4 v S r -F -t 9 e E . i l s i = . . ; * ' . a ¢ -; * : -. f s f . * r -, ' . . ; t a ' . The rate of progression of asbestosis has been generally assessed by radiological and functional means. In epidemiological surveys of asbestos workers and in serial evaluations of patients with the disease, it has been well established that radiological progression of the disease is accompanied by deterioration in lung compliance,24 forced vital capacity,24-29 total lung capacity,25 27 and gas exchange parameters,2630-33 but these changes have not been correlated serially with criteria of activity of the disease derived from histopathical examination or bronchoalveolar lavage fluid analysis. Only the study of Gaensler et a134 provides some support for the validity of radiological assessment and pulmonary function tests as means of evaluating the severity of the disease. In their study of 31 asbestos workers who had lung biopsy for diagnostic purposes they found histopathological lesions similar to those observed in our sheep and noted very good agreement between the degree of functional impairment estimated from histological observations and a composite of the severity of physiological disturbances.
The present study in the sheep model of asbestosis clearly establishes that the parameters of deterioration derived from pulmonary function tests are associated with histopathological changes and alterations in the bronchoalveolar lavage fluid which characterise the evolution of the disease process from an initial macrophagic peribronchiolar alveolitis to the late neutrophilic fibrosing peribronchiolar alveolitis. This progression is quite compatible with previous reports on the human disease." 35 (MRP).
